Abstract
Introduction

62
Gait impairments are well documented in those with Parkinson disease (PD). (1) (2) (3) (4) (5) (6) 
63
Decreased stride length, decreased velocity, and poor coordination are some impairments that 64 can be become debilitating for an individual with PD. Freezing of gait (FOG),a particularly troubling symptom characterized by a spontaneous increase in cadence and decrease in step 66 length with an accompanying inability to produce effective stepping, (3, 7) is associated with 67 falls and reduced quality of life in this population. (8, 9) It has been suggested that gait to healthy controls, but no differences exist between groups during forward walking overground.
78
These studies demonstrate that gait coordination is affected in those with PD. However, it 79 remains unclear how coordination is affected during gait conditions that are characteristic of 80 FOG (i.e. increased cadence with progressively decreasing step length (3, 13, 14) ) and 
85
In this study, we used PCI, a measure of gait coordination, to study the effects of 86 manipulating step length and cadence independently and in combination on gait coordination in 87 healthy controls (young and old) and those with PD+FOG and PD-FOG. Healthy old individuals 88 were included to determine how those with PD differ from individuals of the same age without 89 PD. Healthy young were included to examine differential effects of aging and PD on 90 coordination. To this end, coordination was measured during: 1) step length manipulation, while 91 holding cadence fixed; 2) cadence manipulation, while holding step length fixed; and 3) 92 combined step length and cadence manipulation. We hypothesized that decreasing step length or 93 increasing cadence would decrease coordination in people with PD compared to healthy controls.
94
We expected these effects to be additive, i.e. coordination would be poorest when step length 95 was reduced and cadence was concomitantly increased. Finally 
Data Processing
150
Individual footfall data such as heel on/off, toe on/off, swing time, and stride time were 151 collected within GAITRite. Footfall data were used to calculate PCI as previously defined using were analyzed to determine if participants were able to perform each condition as instructed.
155
Statistical Approach
156
Mixed model repeated measures ANOVA with an unstructured covariance structure was 157 implemented using SAS v 9.3 (SAS Institute, Inc., Cary, NC, USA). Group (PD+FOG, PD-FOG, 158 healthy old, healthy young) was used as the between subject factor and gait condition (Natural,
159
Fast, Small, SmallFast) as the within subject factor. We corrected for multiple comparisons by 
Results
167
Twenty-eight participants with idiopathic PD (16 PD-FOG, 12 PD+FOG), 19 healthy 168 older adults, and 19 healthy young adults participated. One participant with PD was excluded 169 due to the inability to walk independently in all conditions. One healthy older adult was excluded 170 due to the inability to follow directions adequately. Sex, age, and disease severity characteristics 171 are included in Table 1 .
172
Mean performance of each group during each condition is shown in Figure 1 . All groups 173 were able to decrease step length (Fig. 1A ) and increase cadence (Fig. 1B) as instructed. There
174
were no between-group differences in percent change from Natural in step length (p=0.37) or in 8 cadence (p=0.18) for any condition. There were also no between-group differences in percent 176 change in velocity for any condition (p=0.62). 
Discussion
195
The results from this study demonstrate that coordination is somewhat affected in all 196 groups when walking with decreased step length, increased cadence, or both. Post-hoc analyses 197 revealed that when taking short, fast steps, coordination of those with PD is significantly worse with PD+FOG compared to those with PD-FOG during preferred gait and when asked to walk at 217 50% and 75% of normalized step length. At 25% of normalized step length there was no 218 difference in PCI between groups, though there was an increased incidence of FOG in this 219 condition. As such, the authors suggest that coordination may be associated with step length, but 220 may not explain FOG. However, they acknowledge that poor coordination cannot be ruled out 
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